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This article is based on comparative research conducted in three African 
countries—Mali, Botswana and Kenya—between 2006 and 2007. The research 
focuses on local perceptions of biodiversity loss and land degradation in grazing 
pastures as a result of anthropogenic activities. We show that land degradation can 
be motivated by climate change, while local overuse of indigenous vegetation can 
lead to resource conflict. We then examine how changes in indigenous vegetation 
might influence the livelihood and security of local communities. In drawing key 
findings common to all three countries, we suggest that the sustainability of 
indigenous vegetation in dryland ecosystems can be maintained through seasonal 
mobility of herds, preservation of dry season grazing and improved livestock 
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In dryland ecosystems, the conservation of indigenous vegetation 
biodiversity poses major challenges (Lykke, 2000; Oba et al., 2000b; Sheuyange et al., 
2005; López et al., 2006), and the effect of land degradation is diverse and complex 
(Behnke and Scoones, 1993; Oba et al., 2000b; Sullivan and Rhode, 2002; Walker and 
Sinclair, 1998). Anthropogenic factors and climate change can exacerbate the loss of 
native resources and vegetation and jeopardize the region’s unique biodiversity. 
Further, many habitants of arid and semi-arid areas in Africa derive most of their 
incomes from extensive livestock production totally reliant on indigenous vegetation 
(Kamara et al., 2004), and may be hugely affected should these resources be allowed 
to degrade (Leakey, 2002). Thus, in order to effectively manage the biodiversity of 
indigenous vegetation in African drylands and ensure sustainability for the future 
generation, it is critical to gain a better understanding of how local communities 
adapt to changes in their environment (Berkes et al., 1998; Bolling and Schulte, 1999; 
Brown, 1971; Stringer et al., 2007). 
In arid African landscapes, population growth, increasing demand for natural 
resources, and environmental degradation create environmental stresses that have 
considerable socio-economic and ecological consequences (Bolling and Schulte, 
1999; Mouat et al., 1997; Sinclair and Fryxell, 1985; UNCCD, 2000; UNCED, 1992). 
These pressures have led to inappropriate systems of land use that can greatly 
contribute to the loss of indigenous vegetation (Angassa and Oba, 2008). According 
to Angassa and Oba (2008), land use changes linked to bush invasion in dryland 
ecosystems threaten both indigenous plants and animals and exacerbates soil erosion, 
with far-reaching implications for local communities. Oba et al. (2000) have reported 
that the grazing effectiveness of dryland ecosystems is completely eliminated if bush 
encroachment exceeds 90% of the vegetation cover. Generally, dryland ecosystems 
are subject to increasing land use changes as human need for food and natural 
resources rise, which eventually contributes to climate change (Grover et al., 2011). 
Shifts in rainfall patterns and frequent droughts, which are indicators of such climate 
change, cause massive loss of livestock in the region (Oba, 2001; Angassa and Oba, 
2007). As a whole, widespread environmental degradation exacerbates the 
advancement of global climate change and furthers the reduction of ecosystem 
productivity (Berkes et al., 1998). 
The challenges in finding environmentally sound and culturally acceptable 
natural resources management practices thus lead researchers to consider 
community-based-knowledge (Berkes et al., 1998; Bolling and Schulte, 1999; 
Fernandez-Gimenez, 2000; Mapinduzi et al., 2003; Oba, 2001; Oba and Kaitira, 
2006; Angassa and Oba, 2008). In addition, there is little data on indigenous 
vegetation in arid African landscapes and its historical changes. Hence, the 
knowledge of local people becomes indispensable in order to fully understand long-
term changes in indigenous vegetation. Local awareness of environmental issues is 
fairly comprehensive (Bolling and Schulte, 1999) and effective in sustainable 
development research and application (Bowman, 2002; Brown, 1971; Dale and 
Beyeler, 2001; Mouat et al., 1997; Romstad, 1999).  
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Indigenous vegetation resources may provide a range of ecosystem benefits 
apart from local livelihood security (Beer et al., 1998). In the case of African 
drylands, feed for livestock (Angassa and Oba, 2008), preservation of the natural 
landscape and its biodiversity (Menke and Bradford, 2001), carbon sequestration 
options (de Jong et al., 1995; Lal, 2001) and soil protection (Beer et al., 1998) are all 
major benefits of maintaining indigenous vegetation. 
Local people often possess detailed knowledge of indigenous vegetation and 
the ecological value of individual plants (de Jong et al., 1995; Seely, 1998; Seely and 
Moser, 2004; Seely and Wöhl, 2004) that can assist policymakers in designing suitable 
land management policy (Brown, 1971; Mapinduzi et al., 2003). In general, they also 
acquire a comprehensive knowledge of how plants adapt to dryland environments 
(Ellis and Swift, 1988; Mapinduzi et al., 2003).  
The driving forces behind land degradation in dryland ecosystems, however, 
can be complex. Thus, local ecological knowledge of climate change must be 
integrated with the scientific approach in order to understand the causes and 
consequences of land degradation. Such an approach, which involves the 
participation of the local community, has proven to be effective in devising proper 
management system for the sustainable use of arid landscapes (Grice and 
Hodgkinson, 2002). 
Based on research in these three African countries, this article focuses on the 
value of indigenous ecological knowledge in future development endeavors for the 
sustainable usage of indigenous vegetation in the region. In particular, we consider 
communities’ experiences in managing indigenous vegetation and common strategies 
adopted by the local community for sustainable use of drylands. We also attempt to 
determine whether local communities use key environmental indicators in describing 
their local situations. 
Our main interest is to know how local herders may respond to 
environmental challenges with regard to natural resource management and livelihood 
strategies. We are further interested in whether local decisions regarding indigenous 
vegetation have exacerbated threats to biodiversity. Overall, our study reports on the 
role of indigenous knowledge regarding environmental changes, perception of 
indigenous vegetation, land use practices, effects of water points on vegetation, land 
degradation, local indicators of degradation and the consequences of these factors on 
local livelihood conditions. Regarding local ecological knowledge, we focus on three 
aspects: (a) knowledge and experiences of local people in the management and 
conservation of indigenous vegetation resources; (b) dependency of local livelihood 
systems on indigenous vegetation and socio-economic status, and (c) local 
perception of land degradation. 
We first briefly describe the nature of African arid landscapes and their 
management. 
 
1.1 African Arid Landscapes 
 
Arid landscapes are defined as ecosystems and landforms that are not suited 
for intensive types of land use due to limitations imposed by the physical 
environment (climate, soil) and other natural forces (Arnalds and Archer, 2002; 
Stoddart et al., 1975). Extensive livestock production is the primary contribution of 
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such habitats in Africa (Homewood and Rodgers, 1991).  There is also a growing 
recognition of the importance of these landscapes for other uses, including wildlife 
habitation, hydrology and tourism (Homewood and Rodgers, 1991). The drylands of 
Africa comprise 60% of the continent and a major part of Botswana (80%), Kenya 
(80%) and Mali (70%) (CEES, 2007). They support more than 70% of the livestock 
population and 90% of the wildlife in Botswana, 50% of the livestock and 75% of 
the wildlife in Kenya, and 60% of the national livestock herd in Mali (CEES, 2007). 
The result is a great diversity of cultures and human-environment interactions across 
these three countries (CEES, 2007), which provide a number of opportunities for 
improving our understanding of environmental processes. The greatest strengths of 
such African arid landscapes are their ability to support diverse indigenous 
vegetation resources (woody and herbaceous layers) and their resilience to natural 
calamities and climate change. 
 
1.2 Sustainable Management of Arid Landscapes 
 
Sustainable management of arid landscapes in Africa requires an understanding 
of interactions among environmental processes, socio-cultural components and local 
livelihood systems across both temporal and spatial scales (Behnke and Scoones, 
1993; Ellis and Swift, 1988; Fernandez-Gimenez, 2000). Progress towards 
environmental resiliency will originate from basic adjustments in local people’s 
beliefs about their environment (Salem, 2007). Furthermore, establishing sound 
natural resource management will necessitate the participation of local users, due to 
their experience and intimate knowledge of their local environment passed on 
through generations (Bolling and Schulte, 1999; Fernandez-Gimenez, 2000). It is also 
widely recognized that local knowledge systems have been largely overlooked by 
researchers until very recently (Salem, 2007). Novel management approaches to the 
sustainable use of arid landscapes in Africa can also provide opportunities for local 
people to explore feasible and alternative livelihoods while maintaining the diversity 
and social values of their culture and landscape. Overall, the effective rehabilitation 
of African arid landscapes must entail a novel combination of policies and 
technologies that draw from both the scientific approach and the participation of 
local people in research and development activities. 
 
2.   Methodological Approach 
 
This article synthesizes findings of a study based on the MSc education and 
training (see for details CEES[1], 2007) funded by the Global Environmental 
Facility-Indigenous Vegetation Project (GEF-IVP), which was conducted in three 
African countries focusing on Botswana, Kenya and Mali. Biophysical, socio-
economic and cultural approaches were analyzed to investigate the role of local 
knowledge and indigenous institutions in the management and maintenance of 
indigenous vegetation, contribution of natural resources in supporting local 
livelihood systems. Data were collected by 12 MSc students (4 MSc students from 
each of the three countries, i.e., Botswana, Kenya and Mali) between October 2006 
and January 2007. The different studies employed local knowledge and ecological 
methods in assessing socio-economic and cultural information, as well as evaluating 
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the status of indigenous vegetation and conservation of biodiversity at landscape 
level. The following methods were employed to collect information: (1) Local 
perception on indigenous vegetation resources were collected using household 
interviews, through a semi-structured questionnaire, group discussion and key 
informant interview; (2) Information related to impacts of traditionally managed 
water wells along radial distances on indigenous vegetation resources was evaluated 
with the participation of local community members along a transect walk. Locally 
managed traditional wells aged between 150 and 350 years were considered to assess 
effects of water points on indigenous vegetation resources. Such information is 
believed to provide a chronological time scale and an appropriate method of 
evaluating the effect of grazing intensity on indigenous vegetation resources when 
using radial distance as a proxy indicator (Angassa, 2012), since grazing intensity was 
heavier nearer to well points; (3) perceptions of local indicators such as lack of rain, 
lowered water flows, dried out wells, reduced vegetation cover and soil exposure to 
erosion were used to collect information on the impact of climate change; (4) local 
perception of degradation was assessed in terms of decline in biomass (productivity) 
and species richness, reduced herbaceous coverage, abundance of exotic species and 
disappearance of indigenous plant species. The productivity indicators were related 
to vegetation status and livestock performance in terms of milk production, calving 
rates, mating frequencies and livestock body conditions, which local people used to 
assess environmental changes (Dembele, 2006). Ecological indicators like natural 
disturbances, vegetation changes, reduced water source and decline in wildlife 
number might only inform a fraction of the story about an environmental problem, 
while production indicators, which ecologists seldom consider, remain a key element 
for influencing indigenous systems of land management. 
 
3. Results and Discussions 
 
3.1. Local Perception on Indigenous Vegetation Resources 
 
This article adapted a participatory research approach (i.e., integrated indigenous 
knowledge and ecological methods) in understanding how different forms of land 
use and management practices of grazing lands influenced the status of indigenous 
vegetation and conservation of biodiversity (Table 1). The present results showed 
that local perceptions of biodiversity conservation were based on the connection 
between people, environmental conditions and ecosystem productivity. It has been 
shown that local knowledge of vegetation monitoring and conservation of 
biodiversity involved an evaluation of the status of indigenous vegetation, soil types 
and access to water as proxy indicators of land productivity (Oba and Kotile 2001). 
For example, in the Malian case studies, we observed a negative correlation between 
grazing pressure (as evaluated by herders) and herbaceous cover (as evaluated by 
ecologists) (r = -0.96, P < 0.001). Generally, grazing pressure was positively 
correlated with tree cover but there was no significant relationship between grazing 
pressure and tree cover. By comparison, grazing pressure was negatively correlated 
with the cover of shrubs (r = -0.91, P < 0.001). We realized that local people’s 
knowledge in terms of assessing the status of indigenous vegetation using 
environmental indicators might be relevant in conducting integrated assessments that 
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could help to set research and development priorities (Table 1). Based on our results, 
we were able to establish that local people have a detailed knowledge of 
environmental indicators that are effective in evaluating the status of indigenous 
vegetation and changes in biodiversity at the landscape level (Table 1). Herders in the 
three African countries emphasized that environmental factors such as soil type, 
topographic variation and grazing pressure were important factors to map the spatial 
variability of indigenous vegetation. Overall, it was stated that variation in grazing 
pressure resulted in greater species richness in the open grazed areas than protected 
sites. Such findings might be contrary to the expectation that grazing contributes to 
the loss of plant species biodiversity. Our hypothesis suggested that such findings 
would confirm the role played by grazing animals as part of an ecosystem service in 
contributing to the conservation of biodiversity, as long as the ecosystem is not 
misused. On the contrary, the result indicated that protected areas were dominated 
by few species, probably through the process of ecological succession. However, the 
protected pastures showed greater accumulation of biomass than the adjacent 
continuously grazed areas. 
It was interesting to note that herders used both ecological and anthropogenic 
indicators in assessing the abundance of indigenous vegetation at the landscape level 
(Table, 1). This may be related to three key factors: different grazing landscapes 
might disclose differences in performance with respect to the unique feature of an 
individual landscape that would enable it to support different levels of grazing 
pressure. Secondly, a landscape with low grazing potential may be vulnerable to 
degradation and loss of biodiversity, while landscapes with higher potential could be 
resistant to grazing pressure and more resilient in terms of recovery after the removal 
of grazing stress. Thirdly, in the herders’ experience, all landscapes may be varied in 
terms of utility and suitability for livestock use (Table 1). Some landscapes may be 
preferred for grazing and/or browsing by a given species of livestock (e.g., cattle, 
sheep and goats or camels) and their utilities might also be diverse according to 
seasons. Using such comprehensive knowledge systems, herders in the three 
countries had no difficulties in adjusting livestock grazing according to the suitability 
and potential of each landscape (Oba et al., 2000a). Overall, indigenous landscape 
classification and land use practices by the local people greatly reflected herders’ 
detailed knowledge of ecosystem variability (Table 1). 
Classification of landscape level grazing suitability as adopted by the local herders 
was based on soil types, grass species composition and shrub and tree densities. 
Furthermore, the relative abundance of species (i.e., the number of individual species 
per unit area) was used to classify the various landscapes according to their 
suitability. From the results of this study, we confirmed herders’ knowledge of 
landscape classification with respect to the landscape’s grazing potential and 
degradation status (degraded and less degraded). Generally, herders’ perspectives of a 
degraded versus less degraded landscape inferred from vegetation status and soil 
types in response to grazing pressure (Oba and Kotile, 2001). According to the 
results of this study, landscapes highly sensitive to grazing were often grazed for 
shorter periods during the wet season as opposed to being considered as key 
resources. This might imply that contrary to the perception of environmental 
degradation, herders do not continue to degrade their environment; they rather 
rotate their land use based on seasons. However, degraded lands could be inevitable 
around settlements where grazing pressure is expected to be high year round. In 
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Northern Kenya for instance, grazing pressure was seasonally avoided through 
livestock mobility by sending excess herds elsewhere. On the contrary, in the other 
two countries (i.e., Botswana and Mali) livestock mobility as a strategy in reducing 
pressure on grazing lands was not an option. 
Herders in the three countries used the abundance of palatable species as 
indicators for assessing range condition. Based on the current grazing condition of 
each landscape, herders could show landscape preferences by livestock where they 
often referred to the abundance and palatability of herbaceous species. The herders’ 
observations suggested that the dominance of unpalatable grass species and forbs are 
indicators of poor range condition. Similarly, previous studies (e.g., Oba, 2001; Oba 
and Kaitira, 2006; Oba and Kotile, 2001; Oba et al., 2000a) have confirmed herders’ 
knowledge of foraging species as an indicator of the status of rangeland condition. 
Many herders claimed that some foraging species not recorded during the vegetation 
sampling in the field were species that are disappearing from their grazing lands. 
Therefore, the incorporation of local knowledge into the scientific approach may 
improve our understanding of environmental changes affecting indigenous 
vegetation. The value of such information cannot be disregarded, considering that 
field vegetation surveys usually lack long-term experimental monitoring and as a 
result, there is little history of vegetation change other than from local communities’ 
knowledge or other more sophisticated but generalizing methods (e.g., satellite 
imagery).  
 
3.2. Effects of Water Points on Vegetation Composition 
 
The evidence suggests that an increased number of artificial water points in a 
communal land use system leads to the degradation and loss of indigenous 
vegetation resources. Due to increased grazing pressure nearby the water points, the 
cover of indigenous vegetation correspondingly decreases, as seen in Mali. What we 
also confirmed from the results of this study was that sites associated with the 
younger age of well points (3 to 45 years old) had a higher grass cover than sites 
nearby the older wells (150 to 350 years old). Nevertheless, sites associated with the 
older water points had superior grass species diversity. Overall, even though 
vegetation cover increases in relation to increased distance from water points, this 
does not indicate species richness. Our analysis indicates that plant cover and species 
richness was higher at intermediate distances from water points in accordance with 
the intermediate disturbance hypothesis (Connell, 1987). This hypothesis suggests 
that older wells in communally managed rangelands might enhance species richness 
but reduce plant cover. These results might be a surprising departure from 
conventional ecological expectations that older and heavily used wells would be 
associated with poorer range condition and lower plant species richness and diversity 
than younger and lightly utilized range sites. Generally, such conclusions may 
undermine systems of indigenous range management, which were highly efficient in 
terms of regulating livestock density and setting time of use in the wells zone. Quite 
often, the well rangelands are rested from any form of use during the wet season 
when rain pools are available, and the livestock return to them during the dry season 
when plants are in dormancy (Oba, 1998). We did not however compare these wells 
with the more modern boreholes developed by states or aid agencies where 
Consilience Angassa et al: Community-Based Knowledge 
traditional systems of land management might have broken down. According to 
herders’ observations, the impact of climate change and frequent drought remain the 
most critical risks to the management of grazing lands and consequently, the 
exploitations of indigenous vegetation by humans. Accordingly, we also emphasized 
the role of climate change and the impact of recurrent drought on local livelihood 
security in Botswana and Kenya (Table 2). 
 
3.3. Impacts of Climate Change 
 
The findings from Botswana and Kenya pointed out that multiple droughts had 
substantially reduced livestock resources and threatened the livelihood security of 
pastoral communities (Table 2). Similar evidence (e.g., Berge, 1999) has shown that 
the impact of climate change on livestock population is critical because of its direct 
implication for local livelihood systems (Table 2). The evidence implied that slow 
herd recovery following droughts would increase the impoverishment risk of the 
local pastoral households. In general, the present study provided a wealth of 
knowledge on drought coping strategies and methods for early warning systems 
based on those practiced by the herders. The present results suggest the importance 
of linking indigenous early warning systems with modern drought management 
strategies in order to achieve effective drought management in arid regions of Africa. 
Previous studies (Ellis and Galvin, 1994; Angassa and Oba, 2007) have shown that 
rainfall is a dominant driver of ecosystem dynamics in the drylands of Africa. In such 
environments, livestock responses to climate variability would demand opportunistic 
herd management and flexibility (Ellis and Swift, 1988; Oba et al., 2000b) such as 
through increased herd mobility in response to effects of multiple droughts (Angassa 
and Oba, 2007) and the scarcity of resources (McCabe, 2004). Based on the 
Botswanan case study we could summarize the relationship between global climate 
change indices (e.g., North Atlantic Oscilation-NAO and El Nińo Southern 
Oscillation-ENSO) and patterns of livestock species (Table 2). The results of the 
study from Botswana showed that the more variable climate has strongly influenced 
livestock population dynamics and suggest that more frequent drought will cause 
substantial reductions in herd numbers (Table 2). Conversely, a fixed time lag after 
average rainfall years reflected an increase in livestock populations. Overall, there 
was a strong relationship between rainfall variability and livestock performance 
indicators, suggesting that management needs to be improved in order to protect the 
loss of livestock during drought periods. The current study therefore suggests that 
drought management strategies must be improved to minimize the negative impact 
of variable environmental conditions on livestock population. It also recommends 
that the link between indigenous drought management strategies and modern 
systems of early warning should be further explored and integrated. Based on herder 
knowledge, the most problematic deduction is the link between the drivers of 
drought and land degradation. We suggest, however, that the impact of rainfall alone 
might not be a problem; rather the interactions between rainfall variability and 
increased population pressure that cause greater demands on the local environment 





3.4. Perceived Drivers of Land Degradation 
 
Local herders would argue that the impoverished situation associated with 
rainfall variability and greater demands on the local environment might exacerbate 
the process of land degradation. Generally, our synthesized results suggest that 
seasonal mobility, preservation of dry season feed and improved livestock marketing 
are methods to be explored in order to cope with environmental risk. We concluded 
that both anthropogenic and natural events contributed to land degradation and the 
livelihood insecurity of households. When comparing herders’ knowledge of land 
degradation to an ecologist’s, herders combine the same indicators as those used by 
ecologists with production indicators. They determine the impact of land 
degradation on the basis of rangeland condition indicators and livestock 
performance rather than ecological indicators alone. 
 
3.5. Local Indicators of Land Degradation 
 
An important aspect of indigenous ecological knowledge could be the 
application of complex indicators (i.e., the link between rainfall, fodder availability, 
livestock productivity and household food security) in order to show that processes 
involved in land degradation are not simple and straightforward. Indigenous 
knowledge can also explain the close connection among rainfall, primary production 
and secondary productivity (Hiernaux et al., 1990; Ellis and Swift, 1988). For 
instance, the view that milk production is directly related to the availability of fodder, 
while forage productivity is dependent entirely on rainfall has been confirmed 
(Berge, 1999). The complexity of separating cause-effect relationships in driving land 
degradation and loss of biodiversity might be above the informal reasoning used by 
herders, while ecologists can combine many varieties of environmental and socio-
economic indices to come up with more cohesive conclusions. 
 
3.6. Consequences of land degradation 
 
According to herders’ observations, one of the many consequences of land 
degradation is the severity of famine associated with the occurrence of droughts. The 
probable reason is that, in degraded environments, additional stress will simply 
exacerbate the problem of food production. The impact of environmental variability 
may lead to a decline in crop and animal production performances, threatening 
livelihood security. Generally, with failure of rain and prolonged drought, households 
may be threatened with lack of sufficient milk to feed family members when feed 
resources for animal maintenance are in short supply. In reality where famine and 
poverty prevail, “communities’ health conditions have become endangered by 
malnutrition, followed by infant death,” as stated in the MSc studies used as primary 
literature in this study. In arid regions of Africa, livestock is part of the local 
communities’ culture and hence an important asset. However, many sedentary 
households have lost large numbers of their animals due to recurrent drought and 
inadequate feed supply. In general, our analysis suggests that loss of livestock is 
linked to drought, and the problem of land degradation can cause severe poverty for 
inhabitants of arid environments. What emerges from the present analysis across the 
Consilience Angassa et al: Community-Based Knowledge 
three countries of Africa is that management of indigenous vegetation resources 
cannot be separated from a community’s development endeavors. Proper 
management and sustainable use of indigenous vegetation resources can be achieved 
successfully by bringing in conservation education through community participation. 
Consequently, conservation education would enhance local ecological knowledge 
and therefore help local communities realize their capacity to respond to 
environmental challenges. We suggest that this could be achieved through a proper 




This study provides insight for more effective strategies of resource utilization 
and management, drought coping mechanisms and adaptation to local circumstances 
under changing climate. From the findings, several issues have emerged: (1) the use 
of local ecological knowledge indeed might be a key element for sustainable 
management and preservation of indigenous vegetation in the arid landscapes of 
Africa; (2) Traditional management systems have important contributions to be 
made for conservation of the biodiversity of indigenous vegetation; (3) Community-
based knowledge is crucial in strengthening local institutions for sustainable use of 
indigenous vegetation and conservation; (4) This article may also contribute to 
current knowledge of sustainable farming systems that aim at improving food 
security and risk minimization. This article has been presented with the hope that it 
might contribute to an exchange of knowledge and experiences among the various 
stakeholders in developing models that could be adopted in other arid zones of 
Africa. We suggest that indigenous ecological knowledge needs to be promoted, as 
well as supported by scientific-based methods of resource management and 
conservation of natural landscapes. The implication of this synthesis article is that 
the maintenance and proper use of African arid landscapes will require integration of 
local ecological knowledge with the scientific approach that can be achieved through 






The GEF-IVP is thanked for funding the research work. We acknowledge Y. 
Dembele, A. Dembele, S. Fongoro, D. Doumbia, H. T. Wario, B. H. Dabasso, S. L. 
Gambare, P. E. Aemun, K. Motlopi, C. Leutlwetse, O. E. Kgosikoma, G. M. 





Angassa, A., & Oba, G. (2007). Relating long-term rainfall variability to cattle 
population dynamics in communal rangelands and a government ranch in 
southern Ethiopia. Agricultural Systems, 94, 715-725. 
 
Angassa, A. & Oba, G. (2008). Herder perceptions on impacts of range enclosures, 
crop farming, fire ban and bush encroachment on the rangelands of Borana, 
southern Ethiopia. Human Ecology, 36, 201–215. 
 
Angassa, A., Sheleme, B., Oba, G., Treydte, A.C., Linstaedter, A. & Sauerborn, J. 
(2012). Savanna land use and its effect on soil characteristics in southern 
Ethiopia. Journal of Arid Environments 81, 67-76. 
 
Angassa, A. (2012). Effects of grazing intensity and bush encroachment on 
herbaceous species and rangeland condition in southern Ethiopia. Land 
degradation & Development (In Press). 
 
Arnalds, O. & Archer, S. (2000). Rangeland desertification. Kluwer Academic 
Publisher, DORDRECHT/BOSTON/LONDON. 
 
Beer, J., Muschler, R., Kass, D. & Somarriba, E. (1998). Shade management in coffee 
and cacao plantations. Agroforestry Systems, 38, 139-164. 
 
Behnke, R. & Scoones, I. (1993). Rethinking range ecology: Implications for 
rangeland management in Africa. In Rangeland Ecology at Disequilibrium: 
New Models of Natural Resource Variability and Pastoral Adaptation in 
African Savannas, Behnke R , Scoones I , Kerven C (eds). ODI, 
IIED/Commonwealth Secretariat, London. 
 
Berge, G. (1999). In difference of pastoralism: From and flux among Touregs in 
northern Mali. SUM Dissertation No. 2/2000. Norway. 
 
Berkes, F., Kislalioglu, M. Folke, C. & Gadgil, M. (1998). Exploring the basic 
ecological unit: Ecosystem-like concepts in traditional societies. Ecosystem, 
1, 409-415. 
 
Consilience Angassa et al: Community-Based Knowledge 
Bolling, M. & Schulte, A. (1999). Environmental change and pastoral perceptions: 
Degradation and indigenous knowledge in two African pastoral communities. 
Human Ecology, 27, 493-514. 
 
Bowman, D. J. S. (2002). People and rangeland biodiversity. In Global Rangelands 
Progress and Prospects, Edited by Grice AC, Hodgkinson KC. CABI 
Publishers, Wallingford, Oxon 117-129. 
 
Brown, L. H. (1971). The biology of pastoral man as a factor in conservation. 
Biological Conservation, 3, 93-100. 
 
Centre for Ecological Evolution and Synthesis (CEES). (2007). Synthesis-report for 
the UNEP Secretariat on the MSc training under Global Environmental 
Facility-Indigenous Vegetation Project (GEF-IVP). Department of Biology, 
University of Oslo, Norway. 
 
Chanda, R. (1996). Human perceptions of environmental degradation in a part of the 
Kalahari ecosystem. GeoJournal, 39, 65-71. 
 
Connell, J.H.  (1987). Diversity in tropical rain forests and coral reefs. Science, 199, 
1302-1309. 
 
Dale, V.H. & Beyeler, S.C. (2001). Challenges in the development and use of 
ecological indicators. Ecological Indicators, 1, 3-10. 
 
de Jong, B.H., Montoya-Gomez,G. Nelson, K., Soto-Pinto, L. Taylor, J. & Tipper, R. 
(1995). Community forest management and carbon sequestration: a feasibility 
study from Chiapas, Mexico. Interciencia, 20, 409-416. 
 
Dembele, Y. (2006). Land degradation and its impact on livelihood on Malian semi-
arid zone, Nara. MSc thesis, Norwegian University of Life Sciences, 
Department of International Environment and development studies 
(NORAGRIC), Ås, Norway. 
 
Ellis, J. & Galvin, K.A. (1994). Climate patterns and land-use practices in the dry 
zones of Africa. Bioscience, 44, 340-349. 
 
Ellis, J.E. & Swift, D.M. (1988). Stability of African pastoral ecosystems: Alternate 
paradigms and implication for development. Journal of Range Management 
41, 450-459. 
 
Fernandez-Gimenez, M.E. (2000). The role of Mongolian nomadic pastoralists' 
ecological knowledge in rangeland management. Ecological Application, 10, 
1318-1326. 
 
Grice, A.C. & Hodgkinson, K.C. (2002). Global Rangelands, Progress and Prospects. 




Grover, S.P.P., Livesley, S.J., Hutley, L.B., Jamali, H., Fest, B., Beringer, J. 
Butterbach-Bahl, K. & Arndt, S.K. (2011). Land use change and impact on 
greenhouse gas exchange in north Australian savanna soils. Biogeosciences 
Discussions 8, 9087-9123.    
 
Hiernaux, P., Diarra, L. & Maiga, A. (1990). Dynamique de la vegetation Sahelienne 
après secheresse. Un bilan du suivi des Sites Pastoraux du Gourma en 1989. 
Document de travail (001/90), CIPEA, Bamako. 
 
Homewood, K.M. & Rodgers, W.A. (1991). Maasailand Ecology: Pastoralist 
Development and Wildlife Conservation in Ngorongoro. Cambridge 
University Press, Tanzania. 
 
Kamara, A. Kirk, M. & Swallow, B. (2004). Property rights and land use change: 
Implications for sustainable resource management in Borana, southern 
Ethiopia. Journal of Sustainable Agriculture, 25, 45-61. 
 
Lal, R. (2001). Potential of desertification control to sequester carbon and mitigate 
the greenhouse effect. Climatic Change, 51, 35-72. 
 
Leakey, R.R.B. (2002). The domestication of indigenous trees as the basis of a 
strategy for sustainable land use. TWNSO African Regional Workshop: 
Promoting best practice of conservation and sustainable use of biodiversity 
of Global Significant in Arid and Semi-arid Zones, Muscat, Oman. 
 
López, B.C., Rodríguez, R., Gracia,C. A. & Sabaté, S. (2006). Climatic signals in 
growth and its relation to ENSO events of two Prosopis species following a 
latitudinal gradient in South America. Global Change Biology, 12: 897-906. 
 
Lykke, A.M. (2000). Local perceptions of vegetation change and priorities for 
conservation of woody-savanna vegetation in Senegal. Journal of 
Environmental Management, 59, 107-120. 
 
Mapinduzi, A. L., Oba, G. Weladji, R.B. & Colman, J.E. (2003). Use of indigenous 
ecological knowledge of the Maasai pastoralists for assessing rangeland 
biodiversity in Tanzania. African Journal of Ecology, 41, 329-336. 
 
McCabe, J. T. (2004). Cattle bring us to our enemies: Turkana politics, and raiding in 
a disequilibrium system. The University of Michigan Press, Ann Arbor. 
 
Menke, J. & Bradford, G.E. (2001). Rangelands. Agriculture, Ecosystems and 
Environment, 42, 141-163. 
 
Mortimore, M. (1998). Roots in the Africa Dust. Sustaining the Drylands. Cambridge 
University Press. 
 
Consilience Angassa et al: Community-Based Knowledge 
Mouat, D., Lancaster, J., Wade, T., Wickham, J. Fox, C., Kerner, W. & Ball, T. 
(1997). Desertification evaluated using an integrated environmental 
assessment model. Environmental Monitoring and Assessment, 48, 139-156. 
 
Oba, G., Post, E., Syvertsen, P.O. & Stenseth, N.C. (2000a). Bush cover and range 
condition assessments in relation to landscape and grazing in southern 
Ethiopia. Landscape Ecology, 15, 535-546. 
 
Oba, G., Stenseth, N.C. & Lusigi, W.J. (2000b). New perspectives on sustainable 
grazing management in arid zones of Sub-Saharan Africa. BioScience, 50, 35-
51. 
 
Oba, G. (2001). The effect of multiple droughts on cattle in Obbu, Northern Kenya. 
Journal of Arid Environments 49, 375-386. 
 
Oba, G. (2001). Indigenous ecological knowledge of landscape change in East 
Africa. IALE Bulletin 19 1-3. (http://www.crle.uoguelph.ca/iale/). 
 
Oba, G. & Kotile, D.G. 2001. Assessments of landscape level degradation in 
southern Ethiopia: Pastoralists versus ecologists. Land Degradation and 
Development, 12, 461-475. 
 
Oba, G. & Kaitira, L.M. (2006). Herder knowledge of landscape assessments in arid 
rangelands of Northern Tanzania. Journal of Arid Environments 66, 168-
186. 
 
Oettlé, N., Arendse, A. Koelle, B. & van der Poll, A. (2004). Community exchange 
and training in the Suid Bokkeveld: A UNCCD Pilot Project to enhance 
livelihoods and natural resource management. Environmental Monitoring 
and Assessment, 99, 115-125. 
 
Romstad, E. (1999). Theoretical considerations in the development of environmental 
indicators. In Environmental Indicators and Agricultural Policy, Edited by 
Brouwer F , Crabtree B, CABI Publishing, Wallingford, Oxford 13-24. 
 
Salem, B. (2007). Sustainable Management of the North African Marginal Drylands. 
Human Development Report Office, Occasional paper. 
 
Scoones, I. (1995).  New directions in pastoral development in Africa. In: Edited by 
Scoones I, Living with Uncertainty: New directions in pastoral development 
in Africa. Intermediate Technology Publications Ltd., London 1-36. 
 
Seely, M.K. (1998). Can science and community action connect to combat 
desertification? Journal of Arid Environments, 39, 267-277. 
 
Seely, M.K., and H. Wöhl. (2004). Connecting research to combating desertification. 




Seely, M.K. & Moser, P. (2004). Connecting community action and science to 
combat desertification: evaluation of a process. Environmental Monitoring 
and Assessment, 99, 33-55. 
 
Sheuyange, A., Oba,G. & Weladji, R.W. (2005). Effects of anthropogenic fire history 
on savanna vegetation in northeastern Namibia. Journal of Environmental 
Management, 75, 189-198. 
 
Sinclair, A. R. E. & Fryxell, J.M. (1985). The Sahel of Africa: Ecology of disaster. 
Canadian Journal of Zoology, 63, 987-994. 
 
Stoddart, L.A, A.D. Smith, and T.W. Box. 1975. Range Management. McGraw Hill, 
New York, NY. 
 
Stringer, L.C., Twyman, C. & Thomas, D.S.G. (2007). Combating land degradation 
through participatory means: The case of Swaziland. Ambio, 36, 387-393. 
 
Sullivan, S. & Rhode, R. (2002). On non-equilibrium in arid and semi-arid grazing 
systems. A critique comment. Journal of Biogeography, 29, 1595-1618. 
 
UNCCD. (2000). Assessment of the status of land degradation in arid, semi-arid and 
dry sub-humid areas. United Nations Convention to Combat Desertification, 
Bonn. 
 
United Nations Conference on Environment and Development (UNCED) (1992). 
Managing fragile ecosystems: Combating desertification and drought, Agenda 
21. United Nations, New York, NY. 
 
UNDP/World Bank. (1992). Republique du Mali. Strategie pour l’energie 
Domestique. UNDP/World Bank, Washington, D.C. 
 
Walker, D.H., & Sinclair, F.L. (1998). Acquiring qualitative knowledge about 
complex agro-ecosystems. Part 2: formal representation. Agroforestry 
Systems, 56, 365–386. 
 
Waren, A. & Agnew, C. (1998). An assessment of desertification and land 







Consilience Angassa et al: Community-Based Knowledge 
Tables 
 
Landscape types Species list Local name  Authority  Life form  Indicator Frequency 
(%)  
 Cenchrus biflorus Kekene Hort.Bengal Herb increaser 30 
 Borreria sp  Koutoukoumbe G.Mey Herb decreaser 24 
 Schoenefeldia 
gracilis  
Sokekulé Kunth. Herb decreaser 18 





Layik (S.W) D.C Herb decreaser 9 
 Digitaria 
sanguinalis  
Diadie Bol.Soc. Herb increaser 4 
 Digitaria ciliaris  Narakata Koeler Grass stable 3 
 Combretum 
nigricans  
Tiagran  Leprieur  Shrub  decreaser  54  
 Guiera 
senegalensis  
Camou  J.F.GMEL  Shrub  stable  46  
 Acacia tortilis  Bague  Hayne.  Tree  increaser  77  
 Balanites 
aegyptiaca  
Zekene  Var.  Tree  increaser  23  
       
 Cenchrus biflorus Kekene  Hort.  Herb  increaser  62  
 Schoenefeldia 
gracilis  
Sokekule  Kunth.  Herb  decreaser  38  
 Combretum 
nigricans  
Tiangran Leprieur  Shrub  decreaser  3  
Mari landscape Guiera 
senegalensis  
Camou J.F.GMEL  Shrub  stable  30  
 Combretum 
nioroense  
Gore Aubrev  Shrub  decreaser  19  
 Leptadenia hastata  Saharate Decne.  Shrub  decreaser  13  
 Calotropis procera  Popopokolo Aiton.  Shrub  decreaser  3  
 Acacia tortilis  Bague Hayne  Tree  increaser  95  
 Ziziphus 
mauritiana  
Fah Lam.  Tree  increaser  5  
       
 Schoenefeldia 
gracilis  
Sokekule  Kunth.  Herb  decreaser  45  
 Zornia glochidiata  Kosossafune  Rchb.  Herb  decreaser  31  
 Mitracarpus 
villosus  





Tiagran  Leprieur  Shrub  decreaser  74  
 Leptadenia hastata  Saharahate  Decne.  Shrub  increaser  26  
 Acacia tortilis  Bague  Kast.  Tree  increaser  71  
 Balanites 
ayegyptiaca  
Zekene  Var.  Tree  increaser  21  
 Acacia 
senegalensis  
Dibe  Hout.  Tree  increaser  4  
 Ziziphus 
mauritiana  
Fah  Lam.  Tree  increaser  4  
 
Table 1. Indigenous plant species identified based on indigenous ecological knowledge from three arid landscapes of 




NAO (t – 1)  ENSO (t– 1)  SST (t – 1)  
(Feb)  
SST (t – 1)  
(May)  
SST (t – 1)  
(July)  
SST (t – 1)  
(September)  
SST (t – 1)  
(November)  
Cattle  0.015  0.002  0.111  0.009  0.009  0.008  0.016  
Goat  0.010  0.044  0.004  0.004  0.051  0.048  0.071  
Sheep  0.026  0.033  0.044  0.144  0.176  0.192  0.172  
 
Table 2. Coefficient of determination (R²) for the relationship between livestock population dynamics and 
global climate indices in Kgalagadi district 
